The classical perception of adipose tissue as a storage place of fatty acids has been replaced over the last years by the notion that adipose tissue has a central role in lipid and glucose metabolism and produces a large number of hormones and cytokines, e.g. tumour necrosis factor-a, interleukin-6, adiponectin, leptin, and plasminogen activator inhibitor-1.
Introduction
The classical perception of adipose tissue as a storage place of fatty acids has been replaced over the last years by the notion that adipose tissue has a central role in lipid and glucose metabolism and produces a large number of hormones and cytokines, e.g. angiotensinogen, tumour necrosis factor-a (TNF-a), interleukin-6 (IL-6), adiponectin, leptin, and plasminogen activator inhibitor-1 (PAI-1). 1 -3 The increased prevalence of excessive visceral obesity and obesity-related cardiovascular risk factors is closely associated with the rising incidence of cardiovascular diseases and type 2 diabetes mellitus. 4, 5 This clustering of vascular risk factors in (visceral) obesity is often referred to as metabolic syndrome. 6 The close relationship between an increased quantity of visceral fat, metabolic disturbances and cardiovascular diseases, and the unique anatomical relation to the hepatic portal circulation has led to an intense endeavour to unravel the specific endocrine functions of this visceral fat depot. From a pathophysiological point of view, the 'quality' of adipose tissue is more important than the 'quantity'. Nevertheless, a major driver of adipose tissue function is the quantity of visceral fat. The objective of this paper is to describe adipose tissue dysfunction, delineate the relation between adipose tissue dysfunction and obesity and to describe how adipocyte dysfunction is involved in the development of diabetes mellitus type 2 and atherosclerotic vascular diseases. First, normal physiology of adipocytes and adipose tissue will be described.
(TG) from triglyceride-rich lipoproteins (very low-density lipoprotein-cholesterol (VLDL-c), chylomicrons and their remnants) by lipoprotein lipase (LPL). Mobilization of this reserve occurs by hydrolysis of adipocyte TG by hormone sensitive lipase (HSL). Insulin is the main regulator of adipocyte fat content, since it is both a potent inhibitor of HSL and an important activator of LPL, thereby enhancing FFA uptake and triglyceride synthesis in adipocytes.
Endocrine function of adipocytes: adipocytokines
Adipocytes and adipose tissue produce a wide range of hormones and cytokines involved in glucose metabolism (e.g. adiponectin, resistin), lipid metabolism (e.g. cholesteryl ester transfer protein, CETP), inflammation (e.g. TNF-a, IL-6), coagulation (PAI-1), blood pressure (e.g. angiotensinogen, angiotensin II), and feeding behaviour (leptin) thus affecting metabolism and function of many organs and tissues including muscle, liver, vasculature, and brain 8 -10 ( Table 1) . 132 Plasma adipocytokine levels rise with an increase in adipose tissue and adipocyte volume, except for plasma adiponectin which is lower in obesity. 11, 12 The essential roles of adipose tissue are exemplified by the fact that total absence of adipose tissue results in non-viability as occurs in homozygous peroxisome proliferator-activated receptor gamma (PPAR-g) knock-out mice. 13 During evolution, fat tissue presumably acquired an intermediary role between nutritional status and essential body functions such as feeding behaviour, growth, metabolism, and even fertility. 14, 15 A key (co-) regulator of these functions is leptin, which is principally produced by adipocytes. 16 Leptin production is markedly augmented in large adipocytes, 16 is stimulated by insulin and affected by TNF-a, estrogens, FFAs and growth hormone 17, 18 but is not directly influenced by food uptake itself. Therefore, leptin can be considered as a signalling molecule relating the long-term nutritional and fat mass status to the brain (hypothalamus) 15, 19 ( Figure 1) . Apart from central effects, leptin increases hepatic lipid oxidation and lipolysis in skeletal muscle and adipocytes. 19, 20 In subjects with decreased fat depots, e.g. in anorexia nervosa (AN), leptin levels are low 21 which may contribute to complications of AN (amenorrhoea). Leptin-deficient children are not only extremely obese, but remain prepubertal while exogenous leptin substitution has resulted in the onset of puberty in these children.
14 Adiponectin is exclusively produced by adipocytes 2 and circulates in plasma in three different full-length isoforms (trimer, hexamer, and multimers) and as globular form. Adiponectin synthesis is reduced in obesity, insulin resistance, metabolic syndrome, and type 2 diabetes. 22, 23 Men have lower plasma adiponectin levels than women. 24 Adiponectin has an array of anti-atherosclerotic effects and improves insulin sensitivity through inhibition of hepatic glucose production and enhancing glucose uptake in muscle, increasing fatty acid oxidation in both liver and muscle 25 In an insulin-resistant mouse model administration of adiponectin has been shown to ameliorate hyperglycaemia and hyperinsulinaemia. 8 IL-6 can be produced in large quantities by abdominal adipose tissue and is a well-known pro-inflammatory cytokine. Furthermore, elevated IL-6 plasma levels are associated with insulin resistance and increased risk of diabetes, independently of body weight. 11 Surprisingly, IL-6-deficient mice develop obesity with increased leptin levels 26 although conflicting results do exist. Based on these studies it is postulated that IL-6 can induce energy expenditure (including thermogenesis) and inhibit feeding behaviour at the level of the central nervous system. However, a high dose of IL-6 given peripherally results in decreased insulin sensitivity in healthy males. 27 IL-6 upregulates vascular endothelial growth factor (VEGF) production by visceral and subcutaneous adipocytes in vitro and in mice, thus supporting angiogenesis during adipose tissue growth. 28 Various other hormones are produced by adipocytes, such as resistin, visfatin, omentin, retinol-binding protein 4, and others. The metabolic properties of these hormones are less clear yet and are the topic of current investigations.
Visceral vs. subcutaneous adipose tissue
Subcutaneous and visceral adipose tissue show functional differences. For example, genes for angiotensinogen (blood pressure regulation), complement factors, 29 and fatty acid-binding protein 4 (involved in fatty acid trapping in adipocytes), are expressed at higher levels in visceral adipose tissue than in subcutaneous fat. 30 Leptin however is mainly produced by human subcutaneous adipose tissue while TNF-a is equally produced by both fat depots, 31 although others report differently from in vitro studies. 3 In contrast to subcutaneous adipose tissue, abdominal adipose tissue drains directly onto the portal circulation. Although it is known that during the development of obesity macrophages infiltrate in adipose tissue, it now appears that the infiltration rate of monocytes into visceral adipose tissue is higher than into subcutaneous adipose tissue ( Figure 2) . 32 A study in extremely obese patients indicates that visceral fat is the main contributor of plasma IL-6 concentration. 31 It is therefore conceivable that viscerally produced adipocytokines directly influence liver function because IL-6 is an inducer of liver C-reactive protein (CRP) production and proteins involved in hemostasis (PAI-1, fibrinogen, tissue plasminogen activator). IL-6 also adds to dyslipidaemia via disinhibition of microsomal TG transfer protein which controls the hepatic assembly of apolipoprotein B (ApoB)-containing lipoproteins in vitro. 33 Centrally obese women have lower adiponectin levels than women with peripheral obesity. 34 In vitro, human omental fat cells secrete more adiponectin compared with subcutaneous cells and its secretion ratio between compartments declines with increasing body mass index (BMI). 35 Although yet to be proven, it can be hypothesized that visceral adipose tissue is mostly responsible for the decline in adiponectin plasma levels in obese and insulin-resistant subjects while peripheral fat cells are the major adiponectin source in insulinresistant and obese subjects.
Figure 1
Leptin and adiponectin: leptin acts primarily via the melanocortin system (arcuate nucleus) in the hypothalamus 15 where it inhibits 5'AMP-activated protein kinase, 20 resulting in decreased hunger and stimulated energy expenditure 8, 17 and, to a lesser extent, in enhancing growth (growth hormone) and reproduction by stimulating gonadotrophin releasing hormone in both men and women. 20 In peripheral tissues, leptin increases lipid oxidation (liver) and lipolysis (skeletal muscle and adipocytes). Adiponectin inhibits hepatic glucose production while it may enhance glucose uptake in muscle, increases fatty acid oxidation in both liver and muscle, and augments energy expenditure in vitro, presumably by enhanced uncoupling of adenosine triphosphate generation in mitochondria. 25 Interleukin-6 (IL-6) may induce energy expenditure (including thermogenesis) and inhibit feeding behaviour at the level of the central nervous system. 26 Adipose tissue dysfunction in obesity, diabetes, and vascular diseases Both visceral and subcutaneous adipose tissues are innervated by the autonomic nervous system, with different motor neurons separately for each depot and under control of neuro-endocrine feedback. 36 Stimulation of the parasympathetic nervous system leads to an anabolic state with decreased lipolysis, while stimulation of the sympathetic nervous system leads to a catabolic state with reduced adipogenesis and stimulated lipolysis. However, at present it is unclear whether and how these different modes of neural innervation lead to functional differences in adipose tissue.
Transcription factors in adipocytes
Two key transcription factors in the development and metabolism of adipocytes are the PPARs and sterol regulatory element-binding proteins (SREBP). 37 Of the various PPAR subtypes, PPAR-g is expressed at high levels in adipose tissue. PPAR-g activates genes involved in adipocyte differentiation and fatty acid trapping, e.g. fatty acid transport protein, LPL, fatty acid-binding protein, adiponectin, and acyl-CoA synthase. 38 Most of the understanding of PPAR-g gene regulation comes from studies with thiazolidinediones (TZDs) which are PPAR-g ligands. Whether an endogenous, high-affinity ligand for PPAR-g exists is not yet clear but various unsaturated fatty acids and their metabolites have been shown to be able to bind PPAR-g. Activation results in adipocyte hyperplasia with a concomitant shift of TG from circulating lipoproteins and muscle tissue into adipocytes as shown in animal models. 39 These changes result indirectly in improved endothelial function and in decreased plasma levels of insulin, FFAs, and cytokines. SREBP-1c (the main SREBP-isoform) is highly expressed in most tissues, including adipose tissue. Once activated by insulin in the postprandial phase, SREBP-1c activates a cascade of genes required for endogenous lipogenesis and pre-adipocyte differentiation (fatty acid synthase, HMG-CoA synthase, LDL-receptor, adipocyte determination, and differentiation factor 1). 40 
Adipose tissue dysfunction and obesity
The subsequent paragraphs will mainly deal with marked changes in the secretory function of adipocytes, and to a lesser degree of macrophages and pre-adipocytes, seen in obesity, diabetes, and vascular diseases. It has now been firmly established that obesity is associated with the appearance of a chronic, low inflammatory state 41 due to changes in function of adipocytes and macrophages.
This indicates that there is not merely an increase in secretion of proteins but that a pathological state, i.e. inflammation, ensues from the changes in secretory function. We use the term adipose tissue dysfunction for this state of hypersecretion of pro-atherogenic, pro-inflammatory and pro-diabetic adipocytokines which is accompanied by a decreased production of adiponectin. 
Obesity leads to adipose tissue dysfunction
Obesity has a strong genetic predisposition, and results from an excess energy intake and/or too little energy expenditure. Obesity is in most, but not all, subjects, associated with marked changes in the secretory function of adipocytes and macrophages, together with chronic low-grade inflammation and an increased risk to develop insulin resistance, diabetes, and/or vascular disease. 42 Macrophages are more prevalent in adipose tissue of obese subjects than in adipose tissue of lean subjects and the macrophage quantity correlates with measures of insulin resistance. 7 Adipose tissue harbours two types of macrophages, i.e. M1-macrophages (predominant in obesity 43 secreting TNF-a and IL-6 thereby enhancing inflammation), and type M2-macrophages secreting antiinflammatory cytokines such as IL-10, which has a function in tissue repair. 44 Both macrophages and adipocytes are capable of accumulating lipids and secreting cytokines. Interestingly, the number of macrophages in adipose tissue is reduced after weight loss. 45 Interplay between macrophages and adipocytes by paracrine effects are presumably central in initiating and maintaining adipocyte dysfunction. Adipocytes enlarge as a consequence of hyperalimentation. Large adipocytes release more (saturated) FFAs which can bind to macrophage toll-like receptor-4 (TLR-4) resulting in NF-kB activation ultimately leading to augmented TNF-a production. 46, 47 In turn, macrophage-derived TNF-a activates human adipocytes, thereby further inducing lipolysis and enhancing the expression of various genes [intracellular adhesion molecule-1 (ICAM-1), IL-6, macrophage chemo attractant protein-1 (MCP-1)]. 48, 49 The diapedesis of monocytes from the blood to adipose tissue and differentiation into macrophages is further facilitated by MCP-1 and ICAM-1. This local paracrine loop involving adipocyte-derived FFAs and macrophage-derived TNF-a establishes a gradual vicious cycle that presumably leads to a pro-inflammatory state of both macrophages and adipocytes. It is of note that large adipocytes produce less adiponectin. Since adiponectin normally inhibits TLR-activated NF-kB activity, it is assumed that low adiponectin levels re-enforce the previously described loop (Figure 3) . Interestingly, diet-derived saturated fatty acids activate TLR-4 also directly, while poly-unsaturated fatty acids impede TLR-4.
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To ensure a sufficient supply of nutrients and oxygen and to transport fatty acids and adipocytokines, an extended microvasculature is mandatory for adipose tissue. 51 Adipogenesis and angiogenesis are two closely related processes during adipose tissue enlargement, as shown in animal studies and in vitro models. 52, 53 As adipocyte hypertrophy endures, local adipose tissue hypoxia may occur due to hypoperfusion since the diameter of fat cells overgrows the diffusion limit of oxygen (100 mm). 54 As a result hypoxia-inducible transcription factors are expressed triggering the expression of angiogenic factors (VEGF, hepatocyte growth factor, PAI-1). They elicit the inhibition of adiponectin gene transcription illustrated by decreased adiponectin promoter and PPAR-g activity, by reduced adiponectin mRNA (messenger ribonucleic acid) stability and finally by a decline in adiponectin expression as shown in obese mice. 53, 55 Simultaneous induction of leptin and PAI-1 gene transcription in adipose tissue suggests that the dysregulation of adipocytokine secretion is part of cellular mechanisms responding to local hypoxia and associated cellular stress.
56 Figure 3 Adipocyte dysfunction leads to insulin resistance: tumour necrosis factor-a (TNF-a), interleukin-6 (IL-6), and free fatty acids (FFAs)
induce serine phosphorylation of insulin receptor substrate-1 and insulin receptor substrate-2, which reduces the capacity of insulin receptor substrate proteins to be phosphorylated by the insulin receptor in vitro and may even inhibit insulin receptor autophosphorylation (tyrosine kinase) activity, thereby further attenuating the insulin signalling cascade. FFAs presumably act via activation of protein kinase-c isoforms (PKC) after formation of diacylglycerol, while TNF-a acts via activation of c-Jun N-terminal kinase-1. In muscle, FFA-related generation of acyl-coA derivatives (e.g. ceramide) can diminish Akt1 activity and hence insulin action. In liver, insulin receptor substrate-2 is involved in inhibition of gluconeogenesis, which is often augmented in an insulin-resistant state, possibly via activation of both PKC and c-Jun N-terminal kinase-1 by FFA and TNF-a.
Not only may the amount of fatty acids be relevant for mediating adipocyte function, but also the quality of the fatty acids. For example, dietary fish-oil, rich in long-chain unsaturated FFAs, increases activity and mRNA levels of FA oxidation enzymes in peroxisomes and mitochondria and is associated with increased adiponectin levels in mice presumably through PPAR-g activation. 57 Indeed, it has been reported that poly-unsaturated fatty acids reduce mortality and morbidity in patients who suffered from a myocardial infarction.
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Adipose tissue dysfunction leads to obesity
In leptin-deficient humans and in animal models, leptin administration results in reduced body mass and decreased hyperphagia. Although obese subjects have high levels of leptin, their energy expenditure and appetite are not sufficiently regulated, which has led to the concept of hypothalamic leptin resistance, 59 which may be responsible for the persistent hunger and the difficulty to lose weight in obese subjects. Since insulin has similar properties as leptin in the hypothalamus, brain insulin resistance in obesity presumably adds to these effects of leptin resistance. 60 This may imply the existence of vicious circles of leptin resistance and insulin resistance which both lead to hunger and less energy expenditure thereby augmenting obesity.
Adipose tissue dysfunction and insulin resistance and type 2 diabetes mellitus
Both FFAs and TNF-a, secreted at high quantities by enlarged adipocytes play a prominent role in the development of insulin resistance 61 ( Figure 3 ). Since insulin is the main regulator of HSL, the rate controlling enzyme for triglyceride hydrolysis, the inhibitory effect of FFAs on insulin sensitivity leads to enhanced lipolysis in adipocytes. This effect is augmented by the upregulation of triglyceride hydrolysis by TNF-a in adipose tissue. Besides, TNF-a also contributes to insulin resistance by inhibiting the expression of genes which are essential for insulin signalling and adipocyte differentiation (CCAAT-enhancer-binding protein-a, PPAR-g, glucose transporter type 4, insulin receptor substrate-1 protein, adiponectin, and long-chain fatty acid acyl-CoA synthase) providing another molecular basis for insulin resistance. 49 Adiponectin increases insulin sensitivity by inhibiting hepatic glucose production and increasing fatty acid oxidation in both liver and muscle as a result of improved 5'AMP-activated protein kinase activity. 62 Single-nucleotide polymorphisms (SNPs) of the promoter region of the adiponectin gene may relate to the development of insulin resistance, obesity, and type 2 diabetes. 63, 64 In a study of morbidly obese subjects, SNPs in the adiponectin promoter gene were associated with a doubling of the risk of type 2 diabetes. 65 The high prevalence of non-alcoholic fatty liver disease in obese, insulin-resistant, and diabetic subjects may, at least in part, be due to adipose tissue dysfunction. The increased flux of fatty acids and IL-6 through the portal circulation results in increased hepatic lipid accumulation. Leptin is considered to be a mediator of liver fibrosis after chronic liver injury in mouse models. However, this action of leptin may be reduced in leptin resistance. 66 Substitution of adiponectin ameliorates hepatomegaly and steatosis in mouse models of fatty liver disease in part due to antagonistic effects against TNF-a. 67 
Type 2 diabetes
In a prospective cohort study of women, 61% of the acquired cases of type 2 diabetes could be attributed to overweight and obesity. Type 2 diabetes is now generally accepted to be due to a combination of insulin resistance and relatively diminished insulin secretory function of pancreatic b-cells. b-cell dysfunction is the most important risk factor for type 2 diabetes as shown in normoglycemic subjects. 69, 70 Expansion of b-cell mass has been reported from pancreata of obese subjects and is related to increased intake of nutrients (glucose and FFAs). When insulin resistance increases, insulin production by pancreatic b-cells also increases but if this adaption fails diabetes will ensue. In most studies low adiponectin and elevated levels of other adipocytokines (e.g. leptin, TNF-a, IL-6) are associated with an increased risk of diabetes. This presumably relates not only to their effects on insulin sensitivity but also to their effects in the pancreas leading to b-cell failure 60,71,72 ( Figure 4 ).
Although FFAs acutely raise insulin secretion, chronically elevated plasma FFA levels as seen in obesity inhibit secretion. 73 Various proposed mechanisms have been put forward. In the presence of hyperglycaemia oxidation of FFA is inhibited, resulting in accumulation of long-chain fatty-acyl-coA. 73 , 74 Long-chain fattyacyl-CoA and FFA can open b-cell potassium channels which diminishes insulin secretion. 73 FFAs also enhance expression of uncoupling protein 2, which would diminish ATP production necessary for insulin secretion. In addition, FFA can induce b-cell apoptosis via an endoplasmic stress response 73 and by inhibiting expression of the anti-apoptotic factor Bcl-2. Since leptin has a restraining effect on normal insulin secretion by the pancreas, it has been proposed that in obesity leptin resistance might occur in b-cells, thus adding to hyperinsulinaemia observed in obese subjects. Moreover, leptins anti-apoptotic effects in b-cells could be diminished in the leptin-resistant state. Anti-apoptotic effects of leptin may include inhibition of nitric oxide (NO) production via reduction of triglyceride content. NO has been proposed to induce apoptosis via depletion of calcium stores in the endoplasmic reticulum (ER) leading to the ER stress response with induction of C/EBP homologue protein expression. 73 TNF-a inhibits glucose-induced insulin secretion in vitro possibly via NO synthesis, which may cause damage to the insulin DNA (deoxyribonucleic acid) strand, 75 and may enhance apoptosis in b-cells via Bcl-2. 76 Insulin signalling in the b-cell via b-cell insulin receptors is in itself of great importance for normal insulin secretory function, and TNF-a is capable of inhibiting insulin signalling. However, whether these in vitro phenomena are of real importance for obesity-related mechanisms in type 2 diabetes is unclear since plasma TNF-a levels are lower than levels necessary to obtain the above effects.
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Finally, adiponectin has no effect on normal insulin secretion, but diminishes the pro-apoptotic effects of cytokines and FFA on b-cells. 73 In the presence of insulin resistance in mice (due to high fat diet) adiponectin augments insulin secretion in response to high glucose while inhibiting insulin secretion at low glucose plasma concentrations.
Adipose tissue dysfunction and vascular diseases
Atherosclerotic vascular disease may also be an important clinical result of adipose tissue dysfunction. Dysfunctional adipocytes contribute directly and indirectly (through insulin resistance) to the development of vascular risk factors and vascular disease.
Adipose tissue dysfunction and common vascular risk factors
Elevated blood pressure, low plasma HDL-c (high density lipoprotein cholesterol) and elevated TG, all independent vascular risk factors, are closely associated with abdominal obesity and can often be controlled by dietary changes and weight reduction.
A growing body of evidence suggests that an activated reninangiotensin -aldosterone system (RAS) and leptin are involved in obesity-associated hypertension by influencing the salt-fluid homeostasis and vascular tone. In obese subjects, plasma angiotensinogen (AGT) and renin concentrations are elevated and angiotensin converting enzyme (ACE) activity is increased. 77 Dysfunctional adipocytes of obese subjects produce AGT and angiotensin II, 1 contributing to systemic blood pressure levels. 78 Weight loss of only 5% and especially a decrease in waist circumference is associated with reduced activity of all RAS components and accompanied with a 7 mmHg decrease in blood pressure. 77 Remarkably, treatment with RAS inhibitors prevents or delays the development of type 2 diabetes. 79 Angiotensin II may impair intracellular insulin signalling similarly to TNF-a and FFAs leading to reduced glucose uptake and diminished adipocyte differentiation. 9, 80 Secondly, adiponectin gene expression may be directly increased by RAS blockade, independently of body mass, as shown in essential hypertensive patients in whom ACE-inhibition and angiotensin II receptor blockers lead to improvements in insulin sensitivity without affecting adiposity. 80 Indeed treatment with RAS inhibitors increases plasma adiponectin levels, improves whole body insulin sensitivity and decreases adipocyte size. Figure 4 Adipocyte dysfunction leads to type 2 diabetes: chronically elevated free fatty acid (FFA) levels inhibit insulin secretion. 73 In vitro, long-chain fatty-acyl-CoA and FFA can open b-cell potassium channels which diminish insulin secretion. FFAs enhance expression of uncoupling protein 2 (UCP-2), which diminishes adenosine triphosphate production necessary for insulin secretion. FFAs can also induce b-cell apoptosis via an endoplasmic stress response 73 and by inhibiting expression of the anti-apoptotic factor Bcl-2. Leptin has been shown to have antiapoptotic effects in b-cells, which may also be diminished in the (obese) leptin-resistant state. Anti-apoptotic effects of leptin include inhibition of nitric oxide (NO) production via reduction of triglyceride content. NO has been proposed to induce apoptosis via depletion of calcium stores in the endoplasmic reticulum (ER) leading to the ER stress response. 73 By inhibiting insulin signalling in the b-cell and by induction of NO synthesis, tumour necrosis factor-a (TNF-a) may reduce insulin secretion in vitro. At the same time NO may cause deoxyribonucleic acid (DNA) damage enhancing b-cell apoptosis. 76 Adipose tissue dysfunction in obesity, diabetes, and vascular diseases Leptin-deficient subjects are normotensive despite the presence of considerable obesity. 81 Indeed, weight loss (resulting in decreased leptin levels) in obese subjects with hypertension by a calorie restricted diet resulted in lower blood pressure. 78 The concept of leptin-provoked hypertension is based on the findings that leptin upregulates Na þ /K þ -ATPase in the renal cortex and medulla. 82 In the brain leptin leads to an increased sympathetic nerve activity directed to the kidneys and peripheral vasculature which leads to increased heart rate and elevated blood pressure levels in mice, a response that is preserved in leptin resistance. 83 In addition to leptin, renal sodium reabsorption is enhanced under insulin-resistant conditions and associated hyperinsulinaemia. 84 A combination of elevated plasma TG levels and decreased plasma HDL-c due to release of large quantities of FFAs and CETP by adipocytes is the typical dyslipidaemia seen in obesity and insulin resistance. The increased fasting and postprandial FFA flux into the portal circulation contributes directly to the development of insulin resistance, endothelial dysfunction, and increased VLDL-c synthesis in the liver. Elevated levels of FFAs are independently associated with an increased vascular risk 85 although other studies show conflicting results. CETP facilitates the cholesteryl ester transfer from HDL-c to ApoB-containing lipoproteins and the counter flux of TG resulting in elevated plasma levels of TG-rich HDL-c particles. 86 These TG-rich HDL-c particles are rapidly hydrolysed and cleared from the circulation resulting in low HDL-c levels. 86 CETP-deficient subjects have high HDL-c levels and are at low vascular risk. 86 However, pharmacological inhibition of CETP activity increases HDL-c plasma levels with 63% but fails to reduce progression of atherosclerosis as measured with carotid intima media thickness in patients with mixed dyslipidaemia. 87 Insulin resistance contributes to chronic hypertriglyceridaemia due to less suppression by insulin of HSL and a reduction in insulin-activated LPL activity, both leading to an enhanced flux of TGs from adipocytes to the liver. 88 
Adipose tissue dysfunction in visceral fat and vascular disease
Waist-to-hip ratio (WHR) and waist circumference, good indicators of abdominal obesity, are more closely associated with atherosclerosis and the risk of myocardial infarction than BMI 5, 89 noting that different cut-off values should be applied in different populations. 90 After controlling for cardiac risk factors, including BMI, women with a WHR of at least 0.76 were more than twice as likely to develop coronary heart disease compared with women with a WHR ,0.72. Women with a WHR .0.88 were even more than three times as likely to develop coronary heart disease. 91 Visceral adipose tissue showed a more close relationship with inflammatory and oxidative stress biomarkers compared with the subcutaneous fat depot based on CT measurements. 92 Presence of metabolic syndrome is associated with lower adiponectin plasma levels; reflecting adipose tissue dysfunction 22 and a two-to four-times increased risk of both the development of type 2 diabetes and vascular disease. 93 
Adipocytokines and vascular disease
Being solely produced by adipocytes, a low plasma adiponectin concentration is a good representative of adipocyte dysfunction.
Based on the anti-atherosclerotic properties in vitro adiponectin may be an important causal link between dysfunctional adipocytes and the development of vascular diseases. 62, 94 In various populations of healthy subjects and high risk patients, low plasma levels of adiponectin are independent predictions of future vascular disease. 24,95 -97 However, other studies of both women in a primary care setting and patients with clinical evident vascular disease show discrepant results. 22, 98 The discrepancy may be explained by functional differences between adiponectin isoforms and their ratios in plasma. 99, 100 The high molecular weight (HMW)-form has better correlations with insulin sensitivity in subjects with and without type 2 diabetes compared with total or LMW-adiponectin levels, suggesting that HMW-adiponectin is the most active form. 99 Indeed, HMW-adiponectin levels were selectively suppressed in obese patients with ischaemic heart disease and were restored after weight loss. 101 Two adiponectin receptors (AdipoR1 which mainly binds globular adiponectin and AdipoR2 which predominantly binds the full-length isoforms) have been identified which differ in part in distribution and potential actions. Although both receptors are expressed throughout the body, AdipoR1 is highly present in muscle tissue while AdipoR2 is abundantly expressed on liver cells. 102 On human adipocytes and muscle cells both types are expressed. 103 In the setting of both insulin resistance and obesity the expression of these receptors is reduced enhancing insulin resistance, 104 while after physical training the expression of adiponectin receptors is enhanced. 105 Results from prospective and Case -Control studies have pointed towards a possible contribution of coagulation factors and proteins of the fibrinolytic system in the development of vascular events. 106 PAI-1 is a primary regulator of fibrinolysis and is largely produced by visceral 107 adipocytes under influence of TNF-a, insulin, FFAs and glucocorticoids in vitro. 108 Elevated plasma PAI-1 levels (due to genetic polymorphisms or to obesity) are associated with an increase in vascular risk. 109, 110 This is due to a shift in the balance between fibrinolysis and thrombosis towards thrombosis facilitating the formation of microthrombi 10 and by PAI-1's ability to inhibit plasminogen-induced migration of vascular smooth muscle cells (VSMCs) resulting in plaques prone to rupture with thin fibrous caps, necrotic cores and rich in macrophages ( Figure 5 ). Elevated plasma levels of leptin are associated with adipocyte dysfunction, the presence of risk factors [increased BMI, CRP, LDL-c (low density lipoprotein cholesterol), and TG] 111,112 and increased vascular risk, although prospective studies on the relationship between leptin and vascular disease show inconsistent results. In older adults leptin was indeed associated with the extent of coronary artery calcifications however this relationship was dependent of other risk factors (blood pressure, lipid levels, and insulin resistance).
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Interventions affecting adipose tissue function
Increasing physical activity and weight reduction are two important lifestyle changes to reduce insulin resistance and visceral obesity G.R. Hajer et al.
(mainly by decreasing the size of existing adipocytes) and are therefore central in modifying adipose tissue dysfunction. After 12 weeks of restricted caloric intake and increased exercise TNF-a, leptin, and IL-6 levels decreased while anti-inflammatory cytokines (adiponectin and IL-10) were significantly increased in obese subjects with metabolic risk factors. 114 Even before weight reduction, insulin sensitivity improved and adiponectin plasma levels increased suggesting that adipocyte function has improved 115, 116 However, changes in lifestyle are difficult to achieve and to maintain in clinical practice, but are required for a constant improvement of a patients metabolic profile. 117 Statins have anti-inflammatory properties which may point towards an influence of statins on adipocyte function. 118 Nevertheless, shortterm treatment with simvastatin and ezetimibe alone or in combination did not result in changes in adiponectin, leptin, and resistin levels in healthy subjects and obese patients with metabolic syndrome. 119, 120 Moreover, lower (instead of higher) levels of adiponectin have been observed after simvastatin treatment in patients with manifest vascular diseases. 121 In large randomized statin trials a lower incidence of type 2 diabetes has been observed in patients on a statin compared with the placebo group. 122 The underlying mechanism is unclear, since insulin sensitivity and adiponectin levels did not improve after 9 weeks of simvastatin treatment in subjects with metabolic syndrome. 123 Fibrates, which act as agonists of PPAR-a, stimulate cellular fatty acid uptake, and b-oxidation pathways predominantly in liver, kidney, heart, and muscle. Recent research shows that PPAR-a may also be involved in adipocyte gene regulation specific for fatty acid metabolism. 124 Combined with a reduction in fatty acid and triglyceride synthesis, a decrease in VLDL production is observed. 125 TZDs are ligands of the nuclear transcription factor PPAR-g and have been shown to regulate the expression of numerous genes affecting glycemic control, lipid metabolism, and inflammation in (pre-) adipocytes. TZDs improve insulin sensitivity in type 2 diabetes patients and are proposed to have favourable effects on other metabolic alterations seen in metabolic syndrome and adipocyte dysfunction. Although currently available TZDs (rosiglitazone and pioglitazone) have similar effects on insulin action, they differ in their effects in the occurrence of vascular events and carotid artery , by inhibiting NF-kB and by the inhibition of scavenger receptor class A-1. The latter leads to reduction of cholesterol uptake in macrophages and to transformation of macrophages into foam cells. 94 Furthermore, adiponectin reduces vascular smooth muscle cell proliferation (VSMCs), migration and apoptosis by attenuating DNA synthesis inducing effects of growth factors including platelet-derived growth factor and fibroblast growth factor. 62 Increased levels of plasminogen activator inhibitor-1 (PAI-1) can inhibit plasminogen-induced migration of VSMCs leading to plaques prone to rupture with thin fibrous caps, necrotic cores and rich in macrophages. Leptin is capable to induce ADP-dependent platelet activity and aggregation in healthy subjects.
Adipose tissue dysfunction in obesity, diabetes, and vascular diseases intima-media thickening in patients with type 2 diabetes 126 . In patients with abdominal obesity there is evidence that the endocannabinoid system is hyperactive leading to increased food intake and weight gain; offering a new therapeutic option. 127, 128 Rimonabant is an antagonist of the endocannabinoid-1 receptor (CB1), a receptor present on cells of the central nervous system, the liver, and adipocytes. Treatment with rimonabant leads to reduction in body weight and waist circumference, and a 15% reduction in plasma TG and a 25% increase in HDL-c levels hve been reported 128 Adiponectin, as a marker of adipose tissue dysfunction, increased 58% when compared with that at the start of the treatment. This increase may not only be explained by changes in body weight, leaving the suggestion that direct CB1 receptor blockade in adipocytes results in changes in adipocytes function. 128 
Conclusions
The classical perception of adipose tissue as a storage depot of FFAs has now been replaced by the notion that adipose tissue is an active endocrine organ playing a central role in lipid and glucose metabolism and produces a large number of hormones and cytokines involved in the development of metabolic syndrome, diabetes mellitus, and vascular diseases. As adipose tissue expands, macrophages infiltrate adipose tissue and the production of adipocytokines involved in glucose and lipid metabolism and in hemostatis and inflammation increases, except for the production of adiponectin which decreases. In daily clinical practice, the concept of adipocyte dysfunction may provide a pathophysiological framework for understanding the clustering of vascular risk in close relation to abdominal obesity and insulin resistance in individual patients. The concept of adipose tissue dysfunction may raise awareness among patients and physicians on the importance of abdominal obesity in vascular risk and risk of developing type 2 diabetes mellitus. Weight reduction and increasing physical activity are effective interventions for improving adipose tissue function. Further knowledge of the underpinnings of adipose tissue dysfunction may provide new targets for drug development for the management of obesity and prevention of vascular diseases and type 2 diabetes mellitus.
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